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THE RELATIONSHIP BETWEEN INTERNAL DISEASE ORGANISMS AND
GERMINATION OF GIN RUN COTTONSEED (GOSSYPIUM HIRSUTUM L.)1
A. Seneewong , C.C. Baskin and W.E. Batson Jr. 2

ABSTRACT
Occasionally, large differences occur between actual germination
and germination potential of gin run cottonseed as estimated in a
tetrazolium test. The reason for these differences is not always apparent.
One possibility is the presence of internal microorganisms. To test
this hypothesis, 36 samples of gin run cottonseed were evaluated using
the standard germination test. Twenty-seven of the 36 samples were
selected for tetrazolium testing. The remaining nine lots were eliminated
because of similarity in the standard germination tests. Nine of the
27 sRmples tested using the tetrazolium test were selected for
microorganism anlysis. These nine samples were selected based on
differences between standard germination and estimated germination
in the tetrazolium test and number of dead seed per lot. Seed from
each sample were acid delinted using concentrated H2S04.
Microorganisms were isolated from inside the seed coat and from the
embryos of 100 randomly selected seed from each lot. Bacteria were
found more often than fungi. Enterobacter agglomerans was the dominant
bacterium and the most prevalent fungi were in the genus Fusarium.
Only 2.9°/o of the embryos contained bacteria and 1.4°/o contained fungi.
Fungi inside the seed coat were also low. Only 2. 70/o of the seed coats
were infected. Total bacteria inside the seed coat were much higher
with 15.2°/o of the seed coats being infected. The number of embryos
containing fungi was negatively and significantly correlated with
germination. r=0.655, while the number of bacteria inside the seed
coat and in the embryo was positively and significantly correlated with
germination, r=0.852 and 0.891 respectively. All three correlations were
significant at the 0.05 level of probability.
Results obtained from this study indicate that internally borne
microorganisms contribute little to the reduced germination of gin run
cottonseed.
Additional index words: Fungi, Bacteria, Tetrazolium testing.
INTRODUCTION

M

icroorganism invasion of cottonseed in the field from boll opening to
harvest has been well documented (Klich et al., 1984; Klich 1986;
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Simpson and Stone 1935; Simpson et al., 1973). Many of these organisms
persist in seed storage and cause decay and death of seed in a standard
germination test (Roncardari et al., 1972).
The tetrazolium test, a measure of dehydrogenase enzyme activity in
the seed embryo, can be used to estimate germination potential of seed
in a relatively short period of time (24 hours or less). This test does not
detect the presence of microorganisms that may cause seed to decay in
a germination test. Therefore, seed germination potential as estimated in
a tetrazolium test may be much higher than standard germination. Externally
borne seed pathogens may be controlled by the application of fungicides;
however, internal organisms are much more difficult, if not impossible, to
control.
The purpose of this study was to determine if internal pathogens might
be responsible for differences in actual germination of gin run cottonseed
and potential germination as estimated by the tetrozolium test.

MATERIALS AND METHODS
Thirty-six lots of gin-run cottonseed were randomly collected from seed
companies and cotton gins in Mississippi during the harvest season of
1987. Seed were stored at room temperature (approximately 250C} until
tested. Standard germination tests were conducted and evaluated according
to the Association of Official Seed Analysts "Rules for Testing Seed" (1981).
Dead seed, diseased seedlings and abnormal seedlings were recorded
in addition to normal seedlings. Twenty-seven of these 36 samples were
selected for tetrazolium testing. These seed samples ranged from 53.0 to
94.5°/o germination. Seed were preconditioned for tetrazolium testing by
soaking in water at room temperature for 14 to 16 hours. Seed coats and
nucellar membranes were removed. Seed were stained in 0.50/o tetrazolium
solution for 2 hours at 40°C in a dark incubator. The tetrazolium solution
was decanted and seed washed three times in tap water. Evaluations of
stained seeds were made under 3x magnification as described in the AOSA
Tetrazolium Testing Handbook for Agriculture Seeds (1970).
Nine of these 27 samples were then selected for internal microorganism
identification based on the relationship between standard germination and
estimation of germination in the tetrazolium test. Selections were made
such that there were small to large differences (50/o to 270/o) between standard
germination and estimated germination; high to low standard germination
92 to 57°/o); and a range in dead seed (6 to 480/o) among the nine lots.
Seed samples were acid delinted using concentrated sulfuric acid and
then washed in running water to remove excess acid. After drying at room
temperature, 100 undamaged seed were randomly selected from each seed
sample. Seed were surface sterilized in 95°/o ethyl alcohol for 15 seconds,
then in 20°/o sodium hypochlorite solution for 45 seconds, and rinsed in
sterile distilled water four times. Seeds were then rolled in sterile paper
towels and placed in sterile petri dishes for 12 hours at room temperature.
Embryos were removed from the seed coats under a hood using sterile
forceps. Seed coats and embryos were placed in separate sterile petri dishes.
Embryos were cut into three to four pieces. Potato dextrose agar at 4ooc
was poured over the seedcoat and embryo pieces. Seed coats and embryos
were identified with the same number. Incubation followed at 2soc for four
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to six days. Fungal colonies and bacterial colonies developing from seedcoats
and embryos were counted and identified and then transferred to appropriate
definitive media for more precise identification.
Fungal colonies were transferred to potato dextrose agar and water agar
to examine growth and spore formation . Those colonies identified as Fusarium
spp. were transferred to carnation-leaf agar for species identification.
Classification was based on "The Illustrated Genera of Imperfect Fungi "
(Barnett and Hunter 1972) and "The Illustrated Manual for Identification
of Fusarium Species" (Nelson et al., 1983).
Bacterial colonies were transferred by the streak plate method to trypticase
soy agar plates and grown for two days. Bacteria were identified by testing
pigment production, morphological characteristics, nutritional properties
and enzyme activities according to Kreig and Holt (1984).

RESULTS AND DISCUSSION
The purpose of this study was to determine the relationship among standard
germination of gin-run cottonseed, estimated germination as determin ed
by the tetrazolium test and the presence of internally borne disease organisms_
A second objective was to identify internally borne organisms.
Table 1. Standard germination, estimated germination as determined by
tetrazolium test, differences between standard and estimated germination
and number of dead seed in standard germination test for nine sampl es
of cottonseed.

Lot
A
B

c
D
E

F
G
H
I

Std.
Germ. (O/o)

Est. Germ.
TZ ( 0/o)

Difference
between
SG & Est.

92
·79
65
69
70
77
67
69
57

84
74
82
88
83
86
94
83
66

- 8
- 5
+17
+19
+13
+ 8
+27
+14
+ 9

Dead
Seed (0/o)
6
18
31
29
28
21
29
29
41

Germinative characteristics of the nine lots selected for study are presented
in Table 1. Lots C , D, E, G and H had the potential for considerably higher
germination, as estimated in the tetrazolium test, than was expressed in
the standard germination test. The percentage of seedcoats and embryos
in each sample infected by bacteria and fungi are presented in Table 2.
Bacteria were found more often than fungi in both seed coats and embryos.
Correlations between standard germination and bacteria in the seed coat
and in the embryo were r == 0.852 and 0.891 , respectively. Both correlations
were significant at the 0.05 level of probability. The positive correlation
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Table 2. Infection of seedcoats and embryos of nine samples of cotton seed
(100 seed per sample).
Embryos

Seed Coats
Bacteria

Fungi

Bacteria

Fungi

(O/o)

(O/o)

(0/o)

(O/o)

0

15

0
1
1
1

I

0

3
1
1
3
0
1
11
4

8

H

54
36
6
1
15
11
4
10

Sample

A
B

c

D
E
F
G

3
1
0
1
3
4
4

0
0
2
4
4

Table 3. Internally borne organisms and frequency of occurrence in nine
samples of cottonseed.
Percentage of Seed Infected
Organism

Inside Seed Coat

Embryo

Fungi
Alternaria spp
Aspergillus spp
Choetomium spp
Oiapeorthe spp
F.Equisete
F. Oxysporium
Semitectum
Total fungi

0.33
0.00
0.11
0.00
0.66
0.11
1.56
2.70

0.00
0.11
0.00
0.33 .
0.00
0.22
0.60
1.40

Bacteria
A. denitrificans
Bacillus spp
Enterobacter spp
E. aeroganes
E. agglomerans
Pseudomonas spp
P. corruga ta
P. picketti
P. pseudoalcaligenes
P. stutzere
Total bacteria

1.78
4.56
3 .22
0.44
5.33
0.11
0.44
0.33
0.11
0.11
15.20

0.33
0.33
0.44
0.00
0.56
0.00
0.00
0.00
0.00
0.00
2.90
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indicated that the presence of bacteria had no adverse effect on seed
germination. The correlation between standard germination and fungi in
embryos was r = 0.655, significant at the 0.05 level of probability. This indicated
that the presence of fungi in the embryos had a negative effect on germination,
however the total percentage of embryos containing fungi was only 1.40/o.
This small quantity, even if they all produced dead of abnormal seedlings,
would not have a significant effect on seed germination.
Correlations between the presence of bacteria and fungi in the seedcoats
and embryos with estimated germination in the tetrazolium test were not
significant.
The identification of bacteria and fungi found in seed coats and embryos
and the frequency of occurrence (0/o of seed coats and embryos infected)
is presented in Table 3. Total seed infection was quite low.
Based on this study internally borne microorganisms contribute little to
the reduced germination of cottonseed and are not primarily responsible
for differnces observed between standard germination and estimated
germination in tetrazolium tests.
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